Objective: To investigate whether there was a difference in morbidity, recurrence rate, and length of hospital stay between patients undergoing open or laparoscopic incisional hernia repair. Results: Intraperitoneal onlay mesh repair was performed in 233 patients by the open approach and in 127 patients using the laparoscopic approach. The groups were similar for sex and body mass index (calculated as the weight in kilograms divided by the height in meters squared); the mean age of the laparoscopic group was 3 years younger; and the mesh was larger in the laparoscopic group. Mean follow-up was 30 and 36 months for the laparoscopic and open groups, respectively; the conversion rate was 4%. Major morbidities were 15% in the open group vs 7% in the laparoscopic group (P=.01). Recurrence rates were 9% in the open group vs 12% in the laparoscopic group (P=.36). Postoperative inpatient admission was more frequent after the open procedure than after the laparoscopic procedure (28% vs 16%, respectively; PϽ.05).
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Conclusions:
Outcomes did not differ with respect to recurrence rates after long-term follow-up; however, the lower rate of major morbidity and increased outpatientbased procedure rates favor laparoscopic repair in this study.
Arch Surg. 2007; 142:562-567 M ORE THAN 2 MILLION abdominal operations take place yearly in the United States, with an estimated 3% to 20% of those patients ultimately developing a ventral incisional hernia. 1 With 90 000 ventral incisional hernia repairs being performed annually, 2 the question of whether an open or laparoscopic repair should be performed is of growing interest to general surgeons. [1] [2] [3] Data on morbidity and recurrence rates are still inconclusive. 4, 5 The purpose of this study was to compare the outcome of patients undergoing open and laparoscopic intraperitoneal onlay mesh repairs in a single institution during a 10-year period. We hypothesized that there is no difference in the complication rate, severity of complications, long-term recurrence rate, and length of hospital stay between patients undergoing the open or laparoscopic repair.
METHODS
Data from all of the 651patients who underwent ventral incisional hernia repair between October 1995 and December 2005 at a single institution were prospectively collected. Only patients who had undergone an intraperitoneal onlay mesh repair, either open or laparoscopic, were considered. The techniques of both repairs have been described elsewhere 6, 7 and are briefly outlined here. For the open repair, the hernia sac is dissected free, opened to reduce herniated contents, and resected. The mesh is placed in the intraperitoneal position ( Figure 1) and fixated with interrupted suture at a minimum of 2 cm from the fascial edge. For the laparoscopic procedure, the herniated contents are reduced after trocar placement and insufflation and the mesh is fash-ioned to have at least 3 cm of overlay around the fascial edges. Transfascial sutures are then passed at all of the corners; for large meshes, additional sutures are used along the edges.
The type of operation the patient underwent was determined by surgeon preference. Patients were referred from the same patient pool to members of a surgical group. One surgeon (K.S.) preferred the open approach to ventral hernia repair, whereas the remainder ( J.B., M.R., and W.S.) were trained in both open and laparoscopic repair. The temporal frequency of the 2 operations is depicted in Figure 2 .
Patients with additional procedures at the time of hernia repair, such as a planned bowel resection or nonmesh repairs, were excluded from the analysis. Additional data were collected from the review of patient records. Variables assessed included patient demographics (age, sex, body mass index [BMI] [calculated as the weight in kilograms divided by the height in meters squared], and comorbidities), details of the operative procedure (open vs laparoscopic repair and type and size of mesh used), and outcome data (morbidity, recurrence rates, and length of stay). The type of mesh used resulted from the operating surgeon's preference and mesh availability. Polypropylene was used by some surgeons if it was determined intraoperatively that the amount of omentum present would prevent bowel contact with the mesh. The length of stay was recorded either as outpatient surgery and assigned the value of 0.5 days or as a postoperative inpatient admission with the number of days recorded. The decision to discharge the patient was not guided by a clinical pathway. Comorbidities specifically addressed were obesity and pulmonary disease. A patient was identified as having pulmonary disease if that was stated in the medical record. Patients who underwent a conversion to open repair remained in the laparoscopic group for an intention-to-treat analysis. Postoperative complications were staged according to the Clavien classification. We considered complications of grade II or higher major complications. In this classification, grade I complications do not require pharmacological treatment or intervention; grade II complications include those requiring pharmacological treatment, blood transfusions, or total parenteral nutrition; grade III complications require surgical, radiological, or endoscopic intervention; grade IV complications are life threatening and require intensive care unit management; and grade V complications result in death. 8 The postoperative occurrence of a seroma was identified by clinical examination. A significant seroma was defined as a seroma that caused pain or discomfort, erythema, or infection. In the laparoscopic group, significant seromas were aspirated. In the open group, drains were placed at operation to prevent the formation of a seroma. No data regarding fixationrelated pain were collected. Statistical analysis was performed using Fisher exact test, Wilcoxon rank sum test, and t test with SAS statistical software version 9.3 (SAS Institute, Inc, Cary, NC). The study was judged exempt by the institutional review board.
RESULTS
From October 1995 to December 2005, a total of 651 patients underwent ventral hernia repair at a single institution. Five hundred fourteen patients (79%) underwent an open ventral hernia repair and 137 (21%) underwent a laparoscopic repair. Two hundred eightyone patients (55%) who underwent the open repair and 10 patients (7%) who underwent the laparoscopic repair were excluded from the analysis because they underwent either an additional procedure (eg, planned bowel resection) or a nonmesh repair. A total of 233 patients who underwent an open procedure and 127 patients who underwent a laparoscopic procedure were used in the final statistical analysis. Five patients (4%) required conversion from the laparoscopic to the open procedure owing to hemodynamic instability, the inability to obtain visualization, or technical difficulties with the mesh placement. Sixteen patients (7%) in the open repair group and 7 patients (6%) in the laparoscopic repair group had a prior diagnosis of cancer. No data on preoperative prealbumin levels were collected. The mean BMI as a proxy for obesity-related malnutrition was similar for both groups. Table 2 describes the different types of mesh used for the repairs, with the polypropylene mesh used in the earlier phase of the study in patients with sufficient omentum present. No mesh-related bowel fistula was recorded.
Overall, 43 patients (12%) experienced a Clavien grade II complication or higher. Major complications were significantly more frequent in the open repair group ( Table 3) . One patient (0.4%) had a postoperative deep vein thrombosis after open ventral hernia repair complicated by Candida septicemia and died. One patient in the laparoscopic group manifested sepsis from an unrecognized enterotomy on postoperative day 1 and required reoperation with mesh removal. The patient recovered and underwent open ileostomy takedown and hernia repair 1 year later. Six patients in the open group with mesh experienced infection requiring removal of the mesh. None of the patients in the laparoscopic group had mesh removal for infection. Patients with preexisting pulmonary comorbidities were significantly more likely to have major complications; 27% of patients with pulmonary diseases vs 10% of patients without pulmonary comorbidities had postoperative complications (PϽ.001). In patients with pulmonary comorbidities, the recurrence rate and complication rate were not correlated with the type of operation performed (laparoscopic vs open). Using a logistic regression model, the occurrence of a complication was associated with the operative method without adjustment for pulmonary disease (P = .04) and remained associated after adjustment for pulmonary disease (P=.03). Additional adjustment for BMI did not alter these conclusions, and BMI did not contribute significantly to the model (P =.71).
Recurrence occurred in 16 patients (13%) in the laparoscopic group and 21 patients (9%) in the open group (P=.36) during a mean follow-up of 30 and 36 months, respectively. The median follow-up was 36 months for the patients with laparoscopic hernia repair and 25 months for patients with open hernia repair. Seventy-five patients (32%) in the open group and 45 patients (36%) in the laparoscopic group had longer than 36 months of follow-up. Recurrence was determined by physical examination and documentation in the record. In addition to reviewing the records, all of the available imaging studies, including computed tomography scans obtained in asymptomatic patients for unrelated diagnoses (eg, cancer follow-up or trauma), were reviewed. Any mention of recurrence in the record or on imaging studies, whether symptomatic or not, was counted as recurrence. Statistical analysis did not reveal any effect related to the type of mesh used on the recurrence rate (ie, polytetrafluoroethylene, polypropylene, or combination meshes) (P=.37).
Further analysis revealed that patients who developed a postoperative abscess had a 4.4-fold risk of recurrence compared with those who did not develop an abscess (PϽ.001). Patients with a BMI higher than 30 had a 5-fold risk of recurrence compared with patients with normal weight (BMIϽ25) (P =.02).
Postoperative inpatient admission was more frequent after the open procedure than after the laparoscopic procedure (28% vs 16%, respectively; PϽ.05). The higher rate of outpatient surgery in the laparoscopic group than in the open group was associated with a shorter mean length of stay (mean ± SD length of stay, 0.9 ± 1.4 days vs 1.4±2.0 days, respectively; P = .01).
The power to detect the observed differences between operation type (open vs laparoscopic) with regard to the prevalence of complications, seroma, and abscess (Table 2 ) assuming the sample sizes of 233 patients in the open group and 127 patients in the open group, 2-sided tests of the equality of binomial proportions, and a significance level of PϽ.05 was 53%, 63%, and 35%, respectively.
COMMENT
Ventral incisional hernias are common, and controversy still exists as to the best method for surgical repair. To our knowledge, no large randomized, multicenter trial has been completed to date, although 1 systematic review of the best available studies was published in 2004. 5 Until data from ongoing trials 9 are published, smaller trials and cohort studies represent the available evidence.
10-17 Some of these studies are summarized in Table 4 . Our study provides an additional experience with a large patient population and a relatively long follow-up.
The systematic review performed under the auspices of the Royal Australasian College of Surgeons Australian Safety and Efficacy Register of New Interventional Procedures-Surgical 5 and other recent studies 3,17 demonstrated clear differences in the length of hospital stay, the operating room supply cost, and the total hospital cost between laparoscopic and open ventral incisional hernia repair. They found that for the laparoscopic surgery groups, the hospital stay was significantly shorter, the instrument cost was significantly higher, and the overall cost was significantly lower. The complication rates and recurrence rates, however, revealed large variations without a clear difference between the open and laparoscopic methods. 4, 5 Our study used the Clavien classification of complications to account not only for the occurrence of a complication but also for the severity. Using this classification, our data suggest that more severe complications occurred in patients undergoing open ventral hernia repair, whereas seromas were more frequently noted in patients undergoing laparoscopic repair. The most significant predictor for complications appeared to be preexisting pulmonary disease. When adjusted for pulmonary disease in a logistic regression model, the major complication rates remained significantly different between the 2 operative methods. The study did not have enough statistical power to examine any correlation between mesh type and the complication rate.
Previous studies described obesity as a risk factor for the development of ventral incisional hernias as well as a risk factor for recurrence and complications. 18 Our analysis revealed that patients with a BMI higher than 30 had a risk of recurrence 5 times higher compared with that in patients with a BMI lower than 25. The high BMI combined with a relatively long follow-up may have contributed to our recurrence rates, which were at the upper end of the reported spectrum.
Besides the mean length of stay, we evaluated the frequencywithwhichtheventralherniarepaircanbeperformed as an outpatient procedure. The laparoscopic patient group required significantly fewer inpatient admissions, a finding that may be explained by better pain control or faster recovery from operative trauma, as suggested by others. 19 In summary, this study confirms that laparoscopic ventral incisional intraperitoneal onlay mesh hernia repair is associated with less severe complications, equivalent recurrence rates, and shorter hospital stays when compared with open repair. It further validates the use of the laparoscopic approach. The small incisional hernia repairs are pretty straightforward. But, the folks with large complex defects present a huge challenge, as we all know. There aren't many areas in surgery where the variation across the country is as great as this. The same patient could go to one surgeon and get a primary repair, a second surgeon and get a laparoscopic repair, a third surgeon and get a complex plastic surgical free flap and skin graft, and all of this with a relative paucity of data to guide surgeons. So, while we have a great deal of level 1 evidence now regarding minimally invasive approaches for groin hernias, the literature is comparatively quiet on incisional hernia. Thus, this contribution is indeed important.
There is no need to reiterate the study or its findings, as they have just been clearly and crisply presented. But, suffice it to say that this report, while not a randomized trial, does have the strength of length of follow-up in large numbers. But, I do have a few questions.
First of all, in terms of the length of follow-up, which is indeed a strength, what was the overall percentage of patients who were lost to follow-up? We all know that many incorrect conclusions have been drawn from studies in which the follow-up is sporadic or only a small proportion of the patients are indeed contacted.
Second, your study covers a period of 9 years, from 1996 to 2005, during which there have been a great many changes in the techniques of both open and laparoscopic incisional hernia repair. Did you look at these outcomes over that time period to see if there are any differences?
Third, your findings regarding pulmonary disease are potentially important, but the definition of pulmonary disease is simply a notation in the chart that such exists. Is there any opportunity to go back to those patient charts and more precisely draw conclusions about important distinction? For instance, is there an FEV 1 [forced expiratory volume in 1 second] number below which we should lean toward one repair or the other?
Fourth, there are not enough data to draw conclusions regarding the type of mesh to be used. I think all of our operating rooms have become battlegrounds for surgery companies who have invested huge amounts of money in mesh materials. Perhaps you could cautiously comment on your group's particular preference and the role of the biologic meshes that are currently being used.
Finally, let me ask you to speculate about the future. I think if the trends regarding minimally invasive surgery continue, hopefully there will be fewer and fewer large incisional hernias that need to be repaired. But, this is certainly not a problem that is going to go away. How do you predict we will be repairing these large defects in 10 years, in 2016?
Dr Bingener: Relative to follow-up, it would have been nice to have the opportunity to examine everybody yearly and make sure that there was no evidence of recurrence. We didn't have that luxury. This retrospective analysis of our database and interpretation has inherent limitations.
We worked on the assumption that because the institution that we work in has a large amount of indigent patients who were hospitalized under the auspices of a special countybased insurance system, that they are ours and they won't go away. We know it was a weakness not to follow the patients prospectively.
We did not assess our outcomes over time, although that would be important and interesting to do. And, I presume that the mesh experience over time would very much fall into the same category.
The presence of pulmonary disease seems to be more important than cardiac assessment. So, I think it is important to look at that. We have not looked at it now, but I think it is very important to assess pulmonary function.
We just did not have enough statistical power to look at the types of mesh and the complication rate, because many surgeons have a gut feeling about this or that mesh being more likely to have a recurrence or more likely to have an infection. We do not use biologic meshes for elective hernia repairs that have no contamination. That is one of the things we don't use. And, it has changed over time, the kinds of mesh we use, because we have seen recurrence. But, we don't have really good data saying, okay, this mesh is clearly worse and we have to use the other one.
Regarding the future of hernia surgery, we were actually surprised to see the large amount of trocar-site hernias that develop into large hernias even from laparoscopic cholecystectomy. And, I think that is very much related to obesity. I think that one of the driving factors of hernias, maybe more than the size of the hernia, is obesity. So, that is one of the things to watch. Lastly, have you looked at associated factors that may predict those patients who are likely to recur? Specifically, did you find more recurrences in those hernia repairs that abut the pubis or the inguinal ligament or the costal margin? If you included laparoscopic repair of those types of hernias, how did you fix the mesh to bony or cartilaginous landmarks?
Dr Bingener: As far as our exclusion criteria, we included cases that were electively clean cases at the beginning. We did not look specifically if there was any tear or possible extravasation of bowel material during the procedures as far as 1 of the factors for our analysis. If that changed the way the procedure was done, meaning they changed from using permanent mesh to absorbable mesh, then the patient was excluded. So, I presume that the high majority of our patients all had clean ones. We didn't specifically look at that.
